

TITLE OF THE INVENTION 



POSITION DETECTION APPARATUS HAVING A PLURALITY OF 



DETECTION SECTIONS, AND EXPOSURE APPARATUS 



BACKGROUND OF THE INVENTION 



FIELD OF THE INVENTION 

The present invention relates to a position 
detection apparatus for detecting the surface position 
10 of an object, an exposure apparatus having the position 
detection apparatus, a control method therefor, and a 
device manufacturing method. 

The position detection appa;ratus of the present 
nvention can be applied to,^,e<g., a surface position 
measuring apparatus f or^lneasuring a small distance by an 
electrostatic scherptd^ The exposure apparatus of the 
present inventp^^ can be applied to, e.g., a slit-scan 
exposure ^^^aratus. 

20 DESCRIPTION OF THE RELATED ART 



semiconductor exposure apparatuses, position detection 
apparatuses which obliquely irradiate a semiconductor 
wafer, placed at a position where a mask pattern is to 
25 be transferred through a projecting lens, with light 

from a projector, and detect light obliquely reflected 



As surface position detection apparatuses for 
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by the surface of the semiconductor wafer to detect the 
surface position are widely used. Fig. 9 is a schematic 
view of such a conventional surface position detection 
apparatus . 

5 As shown in Fig. 9, illiamination light emitted 

from the output end of an optical fiber 9 illuminates a 
pattern forming plate 11 through a condenser lens 10. 
The illumination light passing through the pattern 
forming plate 11 is projected onto the exposure surface 

10 of a wafer 5 through a lens 12, mirror 13, and 

projection objective lens 14, so the image of the 
pattern on the pattern forming plate 11 is formed on the 
exposure surface of the wafer 5 from an oblicpae 
direction with respect to an optical axis EX. The 

15 illumination light reflected by the wafer 5 is 

reprojected onto the light-receiving surface of a 
light-receiving device 18 through a condenser objective 
lens 15, mirror 16, and imaging lens 17. The image of 
the pattern on the pattern forming plate 11 is formed on 

20 the light-receiving surface of the light-receiving 
device 18. When the wafer 5 moves in the vertical 
direction, the image of the pattern moves to the left or 
right on the light -receiving surface 18. When an 
arithmetic circuit 19 calculates the position of the 

25 pattern, the surface position of the wafer 5 can be 
detected. 
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In the exposure apparatus, such a focus detection 
system has a plurality of measurement points in one shot 
(area to be exposed) of a wafer. A surface position Z 
and tilt component (tilt) of the measurement shot are 
calculated by comparing the measurement results at the 
plurality of measurement points within the X-Y plane. 
Highly accurate focus position control is achieved by 
controlling a Ztilt stage 8. 



which exposes while holding a reticle and wafer 
conjugate with a projecting lens and scanning both the 
reticle and wafer to increase the exposure area has 
received a great deal of attention. In this exposure 
apparatus, a focus detection signal is directly used as 
a closed loop signal for controlling the posture of the 
stage. As the signal, a signal as smooth as possible, 
i.e., a signal averaged for an exposure area is 
necessary. 

However, since the slit light projection scheme 
cannot measure position while uniformly illuminating a 
measurement surface of interest, the measurement areas 
always become discrete. In addition, experiments 
conducted by the present inventors have revealed that 
when a thin slit- like light beeim irradiates the edge 
portion of a step, the reflected light is scattered to 
generate a large focus detection error . 



In recent years, a slit-scan exposure apparatus 
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This problem can be solved \yv/^^r\g an 
^^>electrostatic sensor as a f ocu^^etection sensor. An 
/ electrostatic sensor is mo;i?e advantageous as a focus 
/ detection sensor of a jeilit-scan exposure apparatus than 
5 an optical sensor ^ecause it can almost uniformly 

average within/che detection area, does not generate any 
focus deteo<^xon error at an edge portion, and has high 
rrnpnn'Ty^ njn i iT 

Fig. 10 is. a view showing the principle of 
10 distance measurement by an electrostatic sensor. 

Referring to Fig. 10, a flat electrode 30 used for 
measurement is arranged near an object 31 to be measured. 
A high-frequency voltage is applied from an oscillator 
OS to the flat electrode 30. An ammeter AM is connected 
15 between the flat electrode 30 and oscillator OS. The 

ammeter AM and a measurement device 32 connected to the 
ammeter AM measure the magnitude of an AC current 
flowing to the flat electrode 30. The current 
measurement result is input to an arithmetic circuit 33. 
20 A distance d between the flat electrode 30 and the 
object 31 to be measured is measured by arithmetic 
processing by the arithmetic circuit 33. 

Although the above -de scribed surface position 
detection apparatus can obtain high accuracy in 
25 detecting the surface position of a substrate having a 
chip layout (pattern of a chip) compatible with the 
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apparatus, no high accuracy can be obtained in detecting 
the surface position of a substrate having a chip layout 
incompatible with the apparatus. 

In addition, when the shape^..er^ the wafer surface 
changes to a shape incompa^-ir^e with to the apparatus 
because of the repeated, lithography process, the 
above-describpd^urf ace position detection apparatus 
cannot a<5curately detect the surface position of the 
suferstrate . 

SUMMARY OF THE INVENTION 
The present invention has been made in 
consideration of the above situation, and has as its 
object to accurately detect the surface position of an 
object to be measured independently of the surface state 
of the object. 

According to the first aspect of the present 
invention, there is provided a position detection 
apparatus for detecting a position of an object surface 
in a direction normal thereto, comprising at least two 
detection sections, a selection section for selecting at 
least one detection section from the at least two 
detection sections, and a measurement device for 
measuring the position of the object surface in the 
direction normal thereto using the detection section 
selected by the selection section. 
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In the position detection apparatus according to 
the first aspect, preferably, for example, each of the 
at least two detection sections has an electro^ie, and 
the measurement device applies an electrical signal 
5 containing an AC component to the electrode of the 

selected detection section to measure a distance between 
the electrode and the object surface. 

In the position detection apparatus according to 
the first aspect, for example, the electrodes of the at 
10 least two detection sections preferably oppose different 
portions of the object surface. 

In the position detection apparatus according to 
the first aspect, for example, the electrodes of the at 
least two detection sections are preferably in one plane. 
15 In the position detection apparatus according to 

the first aspect, for example, the electrodes of the at 
least two detection sections are preferably concentric 
with each other. 



20 the first aspect, for example, the selection section 

preferably alternatively selects one detection section 
from the at least two detection sections. 



In the position detection apparatus according to 
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changes . 

In the position detection apparatus according to 
the first aspect, for example, the selection section 
preferably selects at least one detection section in 
accordance with a shape of the object surface. 

In the position detection apparatus acpcJ^ing to 
the first aspect, for example, pref erabj^ythe apparatus 
comprises at least two sets of the^'dx least two 
detection sections, the selecJ^dTon sections, and the 
measurement devices, and.^-further comprises an arithmetic 
section for calculatirfig a tilt of the object surface on 
the basis of a ER^surement result by the at least two 
measurement/^evices . 

According to the second aspect of the present 
invention, there is provided an exposure apparatus 
having a projecting lens for projecting a pattern onto a 
substrate, a stage which moves while supporting the 
substrate, a position detection section for detecting a 
position of a substrate surface in a direction of an 
optical axis, and a control section for controlling the 
stage on the basis of an output from the position 
detection section, the position detection section 
comprising at least two detection sections, a selection 
section for selecting at least one detection section 
from the at least two detection sections, and a 
measurement device for measuring a position of the 
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substrate in a direction normal thereto using the 
detection section selected by the selection section. 

In the exposure apparatus according to the second 
aspect, preferably, for example, each of the at least 
two detection sections has an electrode, and the 
measurement device applies an electrical signal 
containing an AC component to the electrode of the 
selected detection section to measure a distance between 
the electrode and the substrate surface. 

In the exposure apparatus according to the second 
aspect, for example, the electrodes of the at least two 
detection sections preferably oppose different portions 
of the substrate surface. 

In the exposure apparatus according to the second 
aspect, for example, the electrodes of the at least two 
detection sections are preferably in one plane. 

In the exposure apparatus according to the second 
aspect, for example, the selection section alternatively 
selects one detection section from the at least two 
detection sections. 

In the exposure apparatus^2f6cording to the second 
aspect, for example, the /s^j^j^c^ion section preferably 
alternatively selects Mfeoetection section from the at 
least two detection/^ctions . 

In the exposure appara^^s according to the second 
aspect, for example, the selection section preferably 
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selects at least one detection/section such that the 
number of detection sections to be selected changes. 

In the exposure apparatus according to the second 
aspect, for example, the selection section preferably 
selects at least one detection section in accordance 
with a shape of the substrate surface. 

In the exposure apparatus according to the second 
aspect, for example, the selection section preferably 
selects at least one detection section in accordance 
with a position of the stage or the substrate. 

In the exposure apparatus accopifrig to the second 
aspect, for example, the select^^em section preferably 
selects the detection sec^^Ton to be used for measurement 
not to measure th^^-^Josition of the substrate in the 
direction ne^rfnal thereto on a scribing line of the 
autisJt^r^e . 

In the exposure apparatus according to the second 
aspect, for example, the selection section preferably 
determines the number of detection sections for 
measurement in accordance with the pattern formed on the 
substrate . 

In the exposure apparatus according to the second 
aspect, for example, the selection section preferably 
determines detection sections jco be used for measurement 
to reflect, on the measurement result, a position of an 
exposure area on the substrate in the direction normal 
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thereto where high resol\{irfig performance is required. 

In the exposure apparatus according to the second 
aspect, for example, the selection section preferably 
determines the number of detection sections to be used 
for measurement to reflect, on the measurement result, a 
position of an exposure area on the substrate in the 
direction normal thereto where high resolving 
performance is required. 

According to the third aspect of the present 
invention, there is provided an exposure apparatus 
having a projecting lens for projecting a pattern onto a 
substrate, a stage which moves while supporting the 
substrate, first and second position detection sections 
for detecting a position of a substrate surface in a 
direction of an optical axis, and a control section for 
controlling a tilt of the stage on the basis of outputs 
from the first and second position detection sections, 
each of the first and second position detection sections 
comprising at least two detection sections, a selection 
section for selecting at least one detection section 
from the at least two detection sections, and a 
measurement device for measuring a position of the 
substrate in a direction normal thereto using the 
detection section selected by the selection section. 

In the exposure apparatus according to the third 
aspect, preferably, for example, each of the at least 
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two detection sections has an electrode, and the 
measurement device applies an electrical signal 
containing an AC component to the electrode of the 
selected detection section to measure a distance between 
the electrode and the substrate surface. 

In the exposure apparatus according to the third 
aspect, for example, the electrodes of the at least two 
detection sections preferably oppose different portions 
of the substrate surface. 

In the exposure apparatus according to the third 
aspect, for example, the electrodes of the at least two 
detection sections are preferably in one plane. 

In the exposure apparatus according to the third 
aspect, for example, the electrodes of the at least two 
detection sections are preferably concentric with each 
other . 

In the exposure apparatus according to the third 
aspect, for example, each of the selection section of 
the first position detection section and the selection 
section of the second position detection section 
preferably selects a detection section such that both 
the detection section of the first position detection 
section and the detection section of the second position 
detection section, which are to be used for measurement, 
are positioned on an inner area of a width of the 
pattern projected by the projecting lens and a distance 
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between the detection sections is maximized. Preferably, 
the substrate is exposed while projecting slit-shaped 
light onto the substrate through the projecting lens and 
moving the stage. 

In the exposure apparatus according to the third 
aspect,, for example, each of the selection section of 
the first position detection section and the selection 
section of the second position detection section 
preferably selects a detection section such that both 
the detection section of the first position detection 
section and the detection section of the second position 
detection section, which are to be used for measurement, 
are positioned inside a width of the pattern projected 
by the projecting lens on the substrate and a distance 
between the detection sections is maximized. Preferably, 
the substrate is exposed while projecting slit-shaped 
light onto the substrate through the projecting lens and 
moving the stage. 

According to the fourth aspect of the present 
invention, there is provided a position detection method 
of detecting a position of an object surface in a 
direction normal thereto, comprising the selection step 
of selecting at least one detection section from at 
least two detection sections, and the measurement step 
of measuring the position of the object surface in the 
direction normal thereto using the selected detection 
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section. 

According to the fifth aspect of the present 
invention, there is provided a method of controlling an 
exposure apparatus having a projecting lens for 
projecting a pattern onto a substrate, a stage which 
moves while supporting the substrate, a position 
detection section for detecting a position of a 
substrate surface in a direction of an optical axis, and 
a control section for controlling the stage on the basis' 
of an output from the position detection section, 
comprising the selection step of selecting at least one 
detection section from at least two detection sections, 
and the measurement step of measuring a position of the 
substrate in a direction normal thereto using the 
selected detection section. 

According to the sixth aspect of the present 
invention, there is provided a method of controlling an 
exposure apparatus having a projecting lens for 
projecting a pattern onto a substrate, a stage which 
moves while supporting the substrate, first and second 
position detection sections for detecting a position of 
a substrate surface in a direction of an optical axis, 
and a control section for controlling a tilt of the 
stage, each of the first and second position detection 
sections comprising at least two detection sections, 
comprising the selection step of selecting at least one 
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detection section from the at least two detection 
sections of the first position detection section and at 
least one detection section from the at least two 
detection sections of the second position defection 
section, and the measurement step of measuring the tilt 
of the substrate using the selected detection section of 
the first position detection section and the selected 
detection section of the second position detection 
section. 

According to the seventh aspect of the present 
invention, there is provided a device manufacturing 
method comprising the steps of placing a substrate 
applied with a resist film on a stage of an exposure 
apparatus, selecting at least one detection section of 
at least two detection sections for measuring a position 
of the substrate in a direction of an optical axis and 
measuring the position of the substrate on the stage in 
the direction of the optical axis using the selected 
detection section, controlling the stage in accordance 
with a measurement result in the measurement step, 
forming a pattern on the substrate on the stage by- 
exposure, and developing the substrate. 

According to the eighth aspect of the present 
invention, there is provided a device manufacturing 
method comprising the steps of placing a substrate 
applied with a resist film on a stage of an exposure 
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apparatus, selecting at least one detection section from 
each of two position detection sections each having at 
least two detection sections for measuring a position of 
the substrate in a direction of an optical axis and 
measuring a tilt of the substrate on the stage using the 
selected detection sections, controlling the tilt of the 
stage in accordance with a measurement result in the 
measurement step, forming a pattern on the substrate on 
the stage by exposure, and developing the substrate. 

According to the present invention, the height or 
tilt of an object surface can be accurately measured 
independently of the surface shape of the object. 

According to the ninth aspect of the present 
invention, there is provided a surface position 
detection apparatus which uses an electrostatic sensor 
having an electrode arranged on a surface to be measured, 
voltage application means for applying a high-frequency 
voltage between the electrode and the surface to be 
measured, and detection means for detecting a distance 
between the surface to be measured and the electrode on 
the basis of a value of a current flowing when the 
high-frequency voltage is applied between the electrode 
and the surface to be measured, the electrostatic sensor 
having a plurality of electrodes as the electrode, and 
selection means for selecting the electrode to be used. 



According to the 10th as^ct of the present 
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invention, there is provided an exposure apparatus 
comprising the surface position detection apparatus for 
detecting a position of a surface to be exposed, and 
means for controlling the selection means in 
correspondence with a stat^of the surface to be exposed, 
whose surface position is ^:o be detected. 

According to the 11th aspect of ttie present 
invention, there is provided a device ymanuf acturing 
method using the exposure apparatus, /comprising the 
steps of detecting a surface position of a substrate to 
be exposed while appropriately seLecting an electrode to 
be used in each electrostatic ser/sor by the surface 
position detection apparatus of /the exposure apparatus, 
and exposing the substrate while controlling the 
position of the substrate to be exposed on the basis of 
a detection result. / 

According to this arrangement, even when the chip 
layout of print pattern oy a wafer, i.e., the surface to 
be detected changes, an electrode to be used in each 
electrostatic sensor is /selected in correspondence with 
the change. Distance measurement for surface position 
detection is performed by mak-ing the electrode oppose a 
preferable measurement position or measurement area. 
Since the electrode/ is simply selected by the selection 
means, the high-f i^quency voltage to be applied is 
common to the electrodes appropriately selected in each 
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electrostatic sensor and therefore is .constant for the 
electrodes. Hence, accuraj>e surf ace position detection 
is performed in corres^ndence with a change in the 
surface to be detej?xed. 
5 According to a preferred aspect of the present 

invention, the electrostatic sensor comprises a variable 
distance measurement position electrostatic sensor 
«. having, as the selection means, switching means for 

^; switching the electrode to be used to change the 

y I 

^; 10 measurement position or switching means for switching 

W 

^; the number of electrodes to be used to change the 

p measurement area. 

B 

The exposure apparatus is of a slit-scan type and 
y comprises a surface position detection apparatus with 

pd 15 the variable distance measurement position electrostatic 

sensor to detect tilt by pre-measurement for focus 
position control of the surface to be exposed, and means 
for controlling the switching means such that the 
measurement position by two electrodes of each of two 
20 different electrostatic sensors of the surface position 
detection apparatus is set on an outermost side within a 
scanning exposure width. Alternatively, the exposure 
apparatus comprises a surface position detection 
apparatus having the variable distance measurement 
25 position electrostatic sensor to detect a position in a 
direction of an exposure optical axis by pre -measurement 
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for focus position control of the surface to be exposed, 
and means for controlling the switching means such that 
the surface position is not detected at a scribing line 
position. 

The slit-scan exposure apparatus may comprise a 
surface position detection apparatus having the variable 
distance measurement position electrdstatic sensor to 
detect the position in the directioA of the exposure 
optical axis for pre-measurement fior focus position 
control of the surface to be exposed. In this case, the 
exposure apparatus comprises means for controlling the 
switching means such that larcfe part of an exposure 
surface portion where high resolving performance is 
required is included in th^ measurement area. 

The means for controlling the switching means can 
control on the basis of the exposure layout. Under the 
control, even when the yexposure width becomes small, 
electrodes are selecte!d such that the electrodes for 
calculating the tilt /angle of the surface to be exposed 
are located within the width, thereby performing 
accurate focus posation control. In addition, if a 
scribing line is /located within the exposure slip, the 
electrode can be switched to cope with a plurality of 
chip patterns./ In the surface position detection 
apparatus hav/.ng the variable distance measurement 
position electrostatic sensor, the detection area to be 
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averaged can be changed by switching the electrode to 
cope with a plurality ofi^ifferent chip layouts. 



Further objects, features and advantages of the 
present invention will become apparent from the 
following detailed description of* the embodiments of the 
present invention with reference to the accompanying 
drawings . 



Fig. 1 is a view showing a variable distance 
measurement position electrostatic sensor of a surface 
position detection apparatus according to the first 
embodiment of the present inventions- 
Fig. 2 is an explanatory view of the principle of 
the variable distance measurement position electrostatic 
sensor shown in Fig. 1; 

Fig. 3 is a view showing an application example of 
the variable distance measurement position electrostatic 
sensor shown in Fig. 1 when viewed from the direction of 
the exposure optical axis; 

Fig. 4 is a view showing the application example 
of the variable distance measurement position 
electrostatic sensor shown in Fig. 1 when viewed from 
the scanning directions- 
Fig. 5 is a view showing a specific application 
example of the variable distance measurement position 



BRIEF DESCRIPTION OF THE DRAWINGS 
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electrostatic sensor shown in Fig. 1; 

Fig. 6 is a view showing another application 
example of the variable distance measurement position 
electrostatic sensor shown in Fig. 1; 

Fig. 7 is an explanatory view showing the 
detection area variable electrostatic sensor of a 
surface position detection apparatus according to the 
second embodiment of the present invention; 

Fig. 8 is an explanatory view of the principle of 
sensor shown in Fig . 7 ; 

Fig. 9 is a schematic view showing a conventional 
surface position detection apparatus; 

Fig. 10 is an explanatory view of the principle of 
distance measurement by the conventional electrostatic 
sensor ; 

Fig. 11 is a schematic view showing a surface 
position detection apparatus using electrostatic 
sensors ; 

Fig. 12 is a view showing the layout of 
electrostatic sensors in the conventional surface 
position detection apparatus; 

Fig. 13 is a view for explaining a parameter 
calculation method for surface position control; 

Fig. 14 is an explanatory view of the first 
problem of the conventional surface position detection 
apparatus that uses electrostatic sensors; 
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Fig. 15 is an explanatory view of the second 
problem of the conventional surface position detection 
apparatus that uses electrostatic sensors; 

Fig. 16 is an explanatory view of the third 
problem of the conventional surface position detection 
apparatus that uses electrostatic sensors; 

Fig. 17 is an explanatory view of the fourth 
problem of the conventional surface position detection 
apparatus that uses electrostatic sensors; 

Fig. 18 is an explanatory view of the fourth 
problem of the conventional surface position detection 
apparatus that uses electrostatic sensors; 

Fig. 19 is an explanatory view of the criterion 
for selecting a sensor electrode of a tilt angle 
detection sensor formed from the sensor shown in Fig. 1; 

Fig. 20 is an explanatory view of a problem posed 
when a memory circuit is formed by exposure; 

Fig- 21 is a flow chart showing a device 
manufacturing method using the exposure apparatus of the 
present invention; and 

Fig. 22 is a flow chart showing details of the 
wafer process shown in Fig. 21. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First Embodiment) 



Fig. 11 is a schematic view showing an exposure 
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apparatus to which a surface position detection 
apparatus according to the first embodiment of the 
present invention can be applied. Referring to Fig. 11/ 
reference numeral 1 denotes a reticle; 2, a reticle 
scanning stage .(the scanning direction is the X 
direction) ; 3, an illumination system for exposing a 
wafer; 4, a reduction projecting lens; 5, a wafer; 6, a 
wafer chuck; 1, an X-Y stage; 8, a Z tilt stage; and 20 
and 20*, electrostatic sensors constructing part of the 
surface position detection apparatus. The electrostatic 
sensors 20 and 20' cannot measure the -surf ace position 
of the wafer 5 at the exposure position. So to 
pre-measure the surface position of the wafer 5, when 
the wafer stage is to be scanned to the right (positive 
direction of the X axis), the sensor 20 is used, and 
when the wafer stage is to be scanned to the left 
(negative direction of the X axis), the sensor 20' is 
used. A member 21 fixes the electrostatic sensors 20 and 
20' in position. To ground the electrostatic sensors 
through their housing, the member 21 is made of a metal 
material such as aluminum and grounded. Reference 
numeral 22 denotes a control circuit; 23, a detection 
signal (to ten-odd kHz) from the electrostatic sensor; 
and 24, a Ztilt stage control signal. Each of the 
electrostatic sensors 20 and 20' comprises at least two 
sensors lined up in the Y direction so as to detect 
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yawing (cox) in scanning the wafer stage in the X 
direction. On the basis of the detection signal 23 from 
the electrostatic sensors 20 and 20', the control 
circuit 22 calculates a surface position Z and tilt 
component (tilt) of the wafer 5 and controls the Ztilt 
stage 8, thereby accurately controlling the focus 
position. 

Fig, 12 is a view showing a conventional layout of 
electrostatic sensors when viewed from the direction of 
the optical axis. Reference numeral /2 5 denotes an 
exposure slit; and 27, a scanning (Erection. In this 
example, three sensors 201 to 203 yare used as an 
electrostatic sensor (corresponding to the electrostatic 
sensor 20) to detect the height And tilt of a wafer. 
Since the electrostatic sensors/ cannot directly measure 
the surface position at the e^yposure position, 
pre -measurement is performed lay the sensors 201 to 203 
mounted at positions separatied from the exposure slit 25 
by a predetermined distance in the scanning direction. 
Actually, since scanning ys performed in the negative 
direction of the X axis, /similar sensors must be mounted 
as an electrostatic sensor (corresponding to the 
electrostatic sensor 2y • ) in the negative direction, as 
described above with yeference to Fig. 11, though they 
are not illustrated nor the descriptive convenience. 

Fig. 13 is a view showing the arrangement in 
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Fig. 12 when viewed from one scanning direi2ft:ion 

** 

(positive side of the Y axis) . Referen<fe numeral 26 
denotes a surface (conductor) of an/object (wafer) to be 
measured. The same reference numerals as in Figs. 11 and 
12 denote the same parts in 13. Referring to 

Fig. 13, the sensor 202 isyused to detect the height of 
the wafer, and the sensors 201 and 203 are used to 
detect its tilt. Let/Sl, S2, and S3 be the outputs from 
the sensors 201 to/203, respectively. Then, the height Z 
[flm] and tilt Oi3fx [rad.] are given by 
Z = S2^[^m] 

cox/^ (SI - S3)/L[rad.] 
(where/L is the distance between the sensors 201 and 

Fig. 1 shows a variable distance measurement 
position electrostatic sensor used in the surface 
position detection apparatus of this embodiment, which 
is preferably stored in the exposure apparatus shown in 
Fig. 11. Reference numerals 301 to 306 denote sensor 
electrodes. The section of each sensor electrode need 
not always be circular, as shown in Fig. 1. A 
change-over switch SW is used to arbitrarily select one 
of the sensor electrodes 301 to 306. Unselected 
electrodes are preferably grounded or may electrically 
float. A conductive member 40 is called a guard ring and 
held at the same potential as that applied to the 
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selected sensor electrode- The guard ring 40 prevents 
the current flowing through the sensor electrode from 
flowing beyond the electrode area, thereby allowing 
accurate measurement of the distance between the 
electrode and the object (not shown) to be measured. The 
same reference numerals as in Fig. 10 denote the same 
parts in Fig. 1. With this arrangement, the distance 
between the object (not shown) to be measured and an 
electrode selected by the switch SW is measured at the 
position of the electrode. 

As a characteristic feature of the variable 
distance measurement position electrostatic sensor 
according to the present invention, the distance 
measurement position can be changed by arbitrarily 
selecting one of the plurality of sensor electrodes by 
the change-over switch SW. The surface position 
detection apparatus of the present invention has a 
plurality of sensor electrodes that can be switched, and 
the number of sensor electrodes is not limited to six as 
in the above example. In this example, the sensor 
electrodes 301 to 306 are laid out in a line. However, 
the present invention is not limited to this layout, and 
any arbitrary layout can be employed. As will be 
described later, when this apparatus is used as the 
surface position detection apparatus of a semiconductor 
exposure apparatus, accurate focus control can be 
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performed because the electrode positions are fixed, 
unlike an apparatus in which a plurality of 
electrostatic sensors are switched by a circuit. 
Switching is preferably electronic switching instead of 
mechanical switching. The switching timing and sensor 
electrode selection method will be described later in 
detail together with application examples. 

Fig. 2 is a view showing the principle of the 
variable distance measurement position electrostatic 
sensor shown in Fig. 1. The change-over switch SW 
arbitrarily selects one of the plurality of sensor 
electrodes 301 to 306 arranged near an object 31 to be 
measured and connects the electrode to an electrical 
circuit. Reference symbols dl to d6 denote distances 
between the sensor electrodes 301 to 306 and the 
conductive substrate 31 at the electrode positions, 
respectively. The distances may be different from each 
other depending on the surface shape of the conductive 
substrate 31. The same reference niomerals as in Fig. 10 
or 1 denote the same parts in Fig. 2, 

As shown in Fig. 2, a high-frequency voltage is 
applied from an oscillator OS to, e.g., the electrode 
305 selected by the change-over switch SW from the 
electrodes 301 to 306. An ammeter AM is connected 
between the change-over switch SW and oscillator OS. The 
magnitude of the AC current flowing to the selected 
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electrode 305 is measured by the ammeter AM and a 
measurement device 32 connected to the ammeter AM. The 
current measurement result is input to an arithmetic 
circuit 33, The distance d5 between the selected 
electrode 305 and the object 31 to be measured is 
measured by arithmetic processing by the arithmetic 
circuit 33. 

Fig. 3 is a view for explaining an example in 
which the variable distance measurement position 
electrostatic sensor shown in Figs . 1 and 2 is applied 
as the sensors 20 and 20' for calculating the tilt angle 
of a wafer in the exposure apparatus shown in Fig. 11. 
Variable distance measurement position electrostatic 
sensors 401 and 402 are used to calculate the tilt angle. 
Reference numerals 301 to 308 denote sensor electrodes. 
The sensor electrodes 301 to 304 construct the variable 
distance measurement position electrostatic sensor 401, 
and the sensor electrodes 305 to 308 construct the 
variable distance measurement position electrostatic 
sensor 402 . An exposure width 28 depends on the chip 
size formed on a wafer. Only a wafer portion positioned 
within this width is exposed. Reference symbol L' 
denotes the distance between sensor electrodes used to 
calculate the tilt angle. The same reference numerals as 
in Fig. 12 denote the same parts in Fig. 3. A 
measurement circuit comprising the switch SW, ammeter AM, 
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oscillator OS, and measurement device 32 is connected to 
each of the sensors 401 and 402, as in Figs. 1 and 2. 
The outputs from the two measurement devices 32 are 
supplied to the arithmetic circuit 33 . The switch SW, 
ammeter AM, oscillator OS, and measurement device 32 may 
be shared by the sensors 401 and 402 . 

With this arrangement, the sensor electrode for 
detecting the tilt angle can be switched to an arbitrary 
sensor electrode by the switch SW to arbitrarily change 
the measurement position for tilt angle detection. As in 
Figs. 12 and 13, the sensor 202 is used to detect the 
height to the surface of the object to be measured. 

PL sensor 
distance 
s 401 and 402 
wafer. The 
ble distance 
401, and the 
he variable 
ic sensor 402 . 
of a wafer 
ative 
! height and the 
The same 
ike denote the 
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As shown in Fig. 19, as the sensor electrode of 
one sensor 401 for detecting the tilt angle, the sensor 
electrode 301 is used. As the sensor electrodes of the 
other sensor 402, the sensor electrodes 305 and 307 are 
used. In this case, tilt angles are obtained as per cox" 
= (SI - S3")/L" and cox' = (SI - S3')/L'. When these 
tilt angles are compared with the actual tilt angle cox, 
0)x =^ 0)x' , (Dx <> ox". More specifically, when an 
electrode separated from another sensor electrode by a 
larger distance (in this case, the sensor electrode 307 
because L' > L") is used, the influence of the minute 
structure on the surface can be made smaller in 
calculating the tilt angle, so the tilt angle can be 
accurately measured. That is, an outermost electrode 
within the exposure width is used as the sensor 
electrode for detecting the tilt angle. 

In the example shown in Fig. 3/ from the 
electrodes 303 to 306 positioned w^hin the exposure 
width 28, not the electrodes 304 And 305 but the 
electrodes 303 and 306 that max^nize the distance L' 
between the sensor electrodes ^re selected. As a 
consequence, yawing of the ohQect to be measured can be 
accurately measured, and accurate focus control can be 
performed. Selection of aensor electrodes and actual 
processing of selecting Jche sensor electrodes by using 
the switch are automatically done according to a program 
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stored in the surface position deteqtion apparatus. 
Since the user need not be aware of/ the algorithm or 
perform operation, cumbersome operajtion is unnecessary* 
and no errors occur. I 

Fig. 14 is a view for explaiming a problem posed 
when not the application example described with 
reference to Fig. 3 but the conventional electrostatic 
sensor shown in Fig. 10 is used f®r the surface position 
detection apparatus. The same reference numerals as in 
Figs. 3 and 12 denote the same parts in Fig, 14. 
Referring to Fig. 14, the sensors 201 and 203 for 
detecting the tilt angle are positioned outside the 
exposure area. A wafer having a step difference on its 
surface because of the repeated process of forming 
layers has a large step differ/ence between the interior 
and exterior of the exposure area. For this reason, 
yawing of the wafer calculated on the basis of the 
distance between the sensor electrode and the wafer 
surface, which is detected outside the exposure area, 
and yawing of the surface within the exposure area, 
which need be actually measured, do not match. 
Accordingly, accurate focus control cannot be performed. 
However, as described witn reference to Fig. 3, when the 
electrostatic sensor according to the present invention 
is used as a tilt angle /detection sensor, the problem 
described with reference to Fig. 14 can be solved. 
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Fig. 4 is a view for explaining an application 
example shovm in Fig. 3 that uses the variable distance 
measurement position electrostatic sensor of the present 
invention when viewed from the scanning direction. The 
same reference numerals as in Fig. 3 denote the same 
parts in Fig. 4. As in Fig. 3, when the electrodes 303 
and 306 falling within the exposure width 28 are used to 
calculate the tilt angle, the actual tilt angle cox' 
trad.] = (SI* - S3')/L' [rad. ] can be calculated from 
the distances SI • and S3 ' measured using these 
electrodes. Hence, accurate focus position control can 
be performed. The height Z = S2 to the object to be 
measured is detected using the electrode 202, as in the 
prior art. 

Fig. 15 is a view for explaining another problem 
posed when not the application example described with 
reference to Fig. 4 but the conventional electrostatic 
sensor shown in Fig. 10 is used for the surface position 
detection apparatus when viewed from, the scanning 
direction. The same reference numerals as in Fig. 12 or 
14 denote the same parts in Fig. 15. When the exposure 
width 28 is smaller than the distance L between sensors, 
measurement is performed outside the exposure area. For 
this reason, the tilt angle cox [rad.] = (SI - S3)/L 
[rad.] calculated from the values SI and S3 detected by 
the sensors 201 and 203 may largely differ from the 
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actual tilt angle cox' [rad.]. At this time, accurate 
focus position control cannot be performed. However, as 
described above with reference to Fig. 4, when the 
electrostatic sensor according to the present invention 
is used to detect the tilt angle, the problem described 
with reference to Fig. 15 can be solved - 

Fig. 5 is a view for explaining in detail an 
example of measurement using the variable distance 
measurement position electrostatic sensor of the first 
embodiment shown in Fig. 1 as a sensor for detecting the 
tilt angle. The same reference numerals as in Fig. 3 
denote the same parts in Fig. 5. When the tilt angle 
detection position is switched to the sensor electrodes 
304 and 305 positioned within the exposure width 28 
using the switch (SW in Figs. 1 and 2), the tilt angle 
of the wafer as an object to be measured can be 
accurately measured. Hence, accurate focus control can 
be performed. The height to the object to be measured is 
detected using the electrode 202. 

Fig. 16 is a view for explaining still another 
problem posed when not the application example described 
with reference to Fig. 4 but the conventional 
electrostatic sensor shown in Fig. 10 is used for the 
surface position detection apparatus. The same reference 
numerals as in Fig. 3 and the like denote the same parts 
in Fig. 16. As shown in Fig. 16, when the exposure slit 
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25 is located near the outer peripheral portion of the 
wafer 5, a sensor used in the surface position detection 
apparatus falls outside the range of the wafer, and the 
distance cannot be accurately measured. For this reason, 
even when the chip size can be ensured in the exposure 
area, the chip pattern cannot be printed by exposure, 
i.e., chips cannot be formed. However, as described with 
reference to Fig. 5, use of the electrostatic sensor 
according to the present invention as a tilt angle 
detection sensor eliminates the conventional problem 
described with reference to Fig. 16 wherein when the 
exposure slit is positioned near the outer peripheral 
portion of the wafer, and some sensors fall outside the 
wafer range, the distance to the wafer cannot be 
measured, and exposure cannot be performed. 

A method of selecting a s^nsoy electrode to be 
used, i.e./ determining the distai^ce measurement 
position when the variable distaiice measurement position 
electrostatic sensor is applied/ as a sensor for 
calculating the tilt angle wi/l be described next. As 
described with reference toyFig. 5, in the exposure 
process, the sensor electrode to be selected may change 
depending on the positio»i of the exposure slit 25. When 
the exposure slit 25 isr positioned near the outer 
peripheral portion oy the wafer 5, a sensor electrode 
within the area of JlIig wafer must be selected. On the 
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other hand, when the exposure sl/t 25 is not near the 
outer peripheral portion, an electrode position 
determined in advance on tlyf basis of the exposure width 
calculated immediately af/er chip layout data is input 
before the start of expdsure process is selected- That 
is, a sensor electrode/ that falls within the exposure 
width 28 and is localled on the outermost side of the 
area of the wafer i/s selected. 

Fig. 6 is a view for explaining an example in 
which the variable distance measurement position 
electrostatic sensor of this embodiment is applied as a 
sensor for detecting the height in the surface position 
detection apparatus. A variable distance measurement 
position electrostatic sensor 403 is used to detect the 
height to the surface of the object to be measured. 
Reference numerals 311 and 312 denote sensor electrodes 
of the variable distance measurement position 
electrostatic sensor 403. Reference numeral 29 denotes a 
scribing line (connection portion) between adjacent 
chips, which is positioned under the sensor electrode 
311. The same reference numerals as in Fig. 3 or 12 
denote the same parts in Fig . 6 . 

In the arrangement shown in Fig . 6 , when the 
sensor electrode to be used in the height detection 
sensor 403 is switched to an arbitrary one of the sensor 
electrodes 311 and 312 using a switch (not shown) , the 



sensor electrode (i.e., position of the sensor electrode 
to be used for detection) for detecting the height to 
the surface of the object to be measured can be 
arbitrarily changed. As in Fig. 12 or 13, the sensors 
201 and 203 are used to detect the tilt angle. When the 
scribing line 29 is positioned beneath the sensor 
electrode 311, as shown in Fig. 6, the sensor electrode 
is switched to the sensor electrode 312 positioned 
within the exposure width 28 using the switch (not 
shown) to detect the height. With this arrangement, the 
distance to the surface of the object to be measured can 
be accurately measured, and accurate focus control can 
be performed. 

Selection of the sensor electroffle and actual 
processing of selecting the sensor eslectrode by using 
the switch are automatically done According to a program 
stored in the surface position detection apparatus. 
Since the user need not be awa^e of the algorithm or 
perform operation, cumbersom^ operation is unnecessary, 
and no errors occur. Swi toning is performed on the basis 
of the chip layout data before the start of exposure 
process. The reason tail this is as follows. Since the 
chip layout (pattern) /is common to one wafer, and does 
not change during exposure of the wafer, the sensor 
electrode used to ^etect the height does not change 
during the exposmre process. The sensor electrode to be 
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used to detect the height determined on the basis of 
the exposure width deterptdned from the data. 

Fig. 17 is a view for explaining still another 
problem posed when not the application example described 
with reference to Fig. 6 but the conventional 
electrostatic sensor shown in Fig. 10 is used for the 
surface position detection apparatus when viewed from 
the direction of the optical axis. Fig. 18 is a view for 
explaining this problem when viewed from the scanning 
direction. The same reference numerals as in Fig. 6 or 
14 denote the same parts in Figs. 17 and 18. Referring 
to Figs. 17 and 18, the scribing line 29 is present 
within the exposure slit 25. As shown in Fig. 18, even 
for a plurality of different chip patterns including 
this chip pattern, the scribing line 29 is positioned 
underneath the electrostatic sensor 202 for detecting 
the height Z. For this reason, the distance, i.e., the 
height to the surface of the object to be measured, 
which is to be actually detected, cannot be measured. 
Hence, accurate focus control cannot be performed. 
However, as described above with reference to Fig. 6, 
when the electrostatic sensor according to the present 
invention is used as the height detection sensor, the 
problem described with reference to Figs. 17 and 18 can 
be solved. 
(Second Embodiment) 



Fig. 7 is a view that best illustrates the 
characteristic feature of the detection area variable 
electrostatic sensor of a surface position detection 
apparatus according to the second embodiment of the 
present invention. As shown in Fig. 1, in this sensor, a 
terminal 51 is connected to one of terminals 52 and 53 
by a switch SW. Reference numeral 30 denotes a sensor 
electrode; and 30*, an electrode functioning as a sensor 
electrode only when the terminal 51 is connected to the 
terminal 52 by the switch SW. When the terminal 51 is 
connected to the terminal 53, only the electrode 30 
functions as a sensor electrode, and the electrode 30* 
functions as a guard ring. The electrodes 30 and 30* 
have sections concentric with each other. 

As shown in Fig. 7, a high-frequency voltage is 
applied from an oscillator OS to only the electrode 30 
or both the electrodes 30 and 30' by the change-over 
switch SW. An ammeter AM is connected between the 
change-over switch SW and oscillator OS. The magnitude 
of the AC current flowing to only the electrode 30 or 
both the electrodes 30 and 30' is measured by the 
ammeter AM and a measurement device 32 connected to the 
ammeter AM. The current measurement result is input to 
an arithmetic circuit 33. The distance dS between the 
electrode 30 and a wafer as an object to be measured is 
measured by arithmetic processing by the arithmetic 
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circuit 33. 

In the first embodiment, the detection position 
can be changed. In the second embodiment, the detection 
area (area of the sensor electrode) can be changed. As 
described above, as one of the characteristic features 
of the electrostatic sensor, the detection area can be 
almost uniformly averaged. In the arrangement shown in 
Fig. 7, since the detection area can be changed, the 
area to be averaged can be changed. 

Fig. 8 is an explanatory view of the principle of 
the electrostatic sensor shown in Fig, 7, which allows 
to change the area of the sensor electrode, i.e., the 
detection area to be averaged. The same reference 
numerals as in Fig. 7 denote the same parts in Fig. 8. 
As shown in Fig. 8, when the terminal 51 is connected to 
the terminal 52 by using the switch SW to make the 
electrode 30' function as a sensor electrode, the area 
(SO + S') as the sum of an area SO of the sensor 
electrode 30 and an area S' of the electrode 30' can be 
set as the detection area. Alternatively, by connecting 
the terminal 51 to the terminal 53 not to make the 
electrode 30' function as a sensor electrode, only the 
area (SO) of the sensor electrode 30 can be set as the 
detection area of the electrostatic sensor. 

According to the second embodiment, since the 
detection area can be changed, the averaging area can be 
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changed, and focus control can be easily performed in 
accordance with the layout of chips to be formed by 
exposure . 

Fig. 20 is a view for explaining that a 
conventional problem that defocus occurs depending on 
the chip layout can be solved by this embodiment, when 
viewed from the scanning direction. Reference numeral 41 
denotes a surface of a memory cell; and 42, a surface of 
a peripheral circuit. The same reference nvimerals as in 
Fig. 7 or 12 denote the same parts in Fig. 20. 

Defocus may occur when the height position is 
adjusted along the surface of an object (resist) to be 
measured. This will be described with reference to 
Fig. 20. A device is roughly divided into the portion of 
the memory cell 41 and the portion of the peripheral 
circuit 42. Exposure areas where critical resolving 
performance is required generally concentrate at the 
portion of the memory cell 41. When only the sensor 
electrode 30 is used to detect a height position Z, a 
height S2 to the surface of the peripheral circuit 42 is 
detected. In this case, defocus occurs on the surface of 
the memory cell 41 when the height position shown in 
Fig. 11 is controlled on the basis of the detected 
height position Z = S2 . 

To prevent this, not only the electrode 39 but 
also the electrode 30' is used as a sensor electrode 
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using a switch (not shown in Fig. 20) , as shown in 
Figs. 7 and 8. At this time, a relation S2 * < Z' < S2 
holds between a detected height position Z', the height 
S2, and a height position S2 ' to the surface of the 
memory cell 41. The specific value of Z' is determined 
by the area of the memory cell 41 opposing the electrode 
30* and that of the peripheral circuit 42. When the area 
of the electrode 30' .is made sufficiently large to widen 
the detection area, the height position Z*, i.e., the 
focus position can be made close to the height position 
S2 ' . Hence, the surface of the memory cell 41 can be set 
within the focusing range, and the memory cell 41 and 
peripheral circuit 42 can be properly exposed. 
<Embodiment of Device Manufacturing Method> 

Am embodiment of a device manuf aclnaring method 
using the above-described exposure apparatus will be 
described next. - Fig. 21 shows the f/ow of manufacturing 
a microdevice (e.g., a semiconductor chip such as an IC 
or an LSI, a liquid crystal panel/ a CCD, a thin-film 
magnetic head, or a micromachine) . In step 1 (circuit 
design) , the pattern of a dev/ce is designed. In step 2 
(mask preparation) , a mask hfaving the designed pattern 
is prepared. In step 3 (wafer manufacture) , a wafer is 
manufactured using a matearial such as silicon or glass. 
In step 4 (wafer process) called a preprocess, an actual 
circuit is formed on One wafer by lithography using the 
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prepared mask and wafer. In step 5 (assembly) called a 
post-process, a semiconductor chip isr formed from the 
wafer prepared in step 4. This steer includes processes 
such as assembly (dicing and bonding) and packaging 
(chip encapsulation). In step 6 /( inspection) , 
inspections including operationr check test and 
durability test of the semicomductor device manufactured 
in step 5 are performed. A semiconductor device is 
completed with these processes and delivered (step 7) . 

Fig. 22 shows the detailed flow of the wafer 
process (step 4) . In step 11 (oxidation) , the surface of 
the wafer is oxidized. In step 12 (CVD) , an insulating 
film is formed on the wafer surface. In step 13 
(electrode formation) , an electrode is formed on the 
wafer by deposition. In step 14 (ion implantation) , ions 
are implanted into the wafer. In step 15 (resist 
process) , a resist is applied to the wafer. In step 16 
(exposure) , the circuit pattern of the mask is printed 
on the wafer by exposure using the above -described 
exposure apparatus or exposure method. In step 17 
(development) , the exposed wafer is developed. In step 
18 (etching) , portions other than the developed resist 
image are etched. In step 19 (resist peeling) , the 
unnecessary resist remaining after etching is removed. 
By repeating these steps, a multilayered structure of 
circuit patterns is formed on the wafer. 
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When the production method of this embodiment is 
used, a large device which is conventionally difficult 
to manufacture can be manufactured at low cost. 

As has been described above, according to the 
present invention, even when the state of the surface to 
be detected changes, the position of the surface to be 
detected can be accurately detected in correspondence 
with the change. According to the exposure apparatus to 
which the present invention is applied, accurate focus 
control can be performed. Hence, accurate device 
manufacture is allowed. 

In addition, even when the size of the surface to 
be detected changes, the position of the surface to be 
detected can be detected by selecting a sensor electrode 
in correspondence with the change. This allows efficient 
exposure and efficient device manufacture. 

The present invention is not limited to the above 
embodiments and various changes and modifications can be 
made within the spirit and scope of the present 
invention. Therefore, to apprise the public of the scope 
of the present invention, the following claims are made. 
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